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Abstract:  The increasing energy demand and depletion of fossil fuels has risen in awareness of searching 
for alternative energy source thus the inexhaustible solar and wind energy is becoming an interesting 
topic which has grabbed the attention of researchers to make it sustainable power. The objective of this 
paper is to provide sustainable power for rural areas and remote places. This paper gives the architecture 
of hybrid system. The proposed system consists of solar PV and Doubly Fed Induction Generator (DFIG) 
based wind turbine. In Solar PV MPPT technique is used to maximize the power and boost converter is 
used to rise the DC voltage of solar PV and fed to the three phase PWM inverter. The DFIG has two 
controllers Rotor side control and Grid side control. Rotor side converter and Grid side Converter have 
the capability of generating or observing reactive power and to maintain constant rotor speed, and 
controls the DC-link voltage, controller for boost converter, inverter AC-DC-AC is implemented using 
vector control method. Simulation study of the proposed system is carried out with MATLAB Simulink 
and simulation results are provided. 
Keywords: DFIG; Photovoltaic; Wind; Solar System; 
INTRODUCTION 
Due to the critical condition of industrial fuels 
which include oil, gas and others, the development 
of renewable energy sources is continuously 
improving. This is the reason why renewable 
energy sources have become more important these 
days. Few other reasons include advantages like 
abundant availability in nature, eco-friendly and 
recyclable. Many renewable energy sources like 
solar, wind, hydel and tidal are there. Among these 
renewable sources solar and wind energy are the 
world’s fastest growing energy resources. With no 
emission of pollutants, energy conversion is done 
through wind and PV cells.  
Day by day, the demand for electricity is rapidly 
increasing. But the available base load plants are 
not able to supply electricity as per demand. So 
these energy sources can be used to bridge the gap 
between supply and demand during peak loads. 
This kind of small scale stand-alone power 
generating systems canalso be used in remote areas 
where conventional power generation is 
impractical. 
In this thesis, a wind-photovoltaic hybrid power 
generation system model is studied and simulated. 
A hybrid system is more advantageous as 
individual power generation system is not 
completely reliable. When any one of the system is 
shutdown the other can supply power. A block 
diagram of entire hybrid system is shown below. 
 
Fig. 1.1. Proposed system block diagram 
The entire hybrid system comprises of PV and the 
wind systems. The PV system is powered by the 
solar energy which is abundantly available in 
nature. PV modules, maximum power point tracing 
systems make the PV energy system. The light 
incident on the PV cells is converted into electrical 
energy by solar energy harvesting means. The 
maximum power point tracking system with 
Perturb & absorb algorithm is used, which extracts 
the maximum possible power from the PV 
modules. The ac-dc converter is used to converter 
ac voltage to dc.  
Wind turbine, gear box, generator and an AC – DC 
converter are included in the wind energy system. 
The wind turbine is used to convert wind energy to 
rotational mechanical energy and this mechanical 
energy available at the turbine shaft is converted to 
electrical energy using a generator. To coerce the 
maximum power from wind system we used a 
maximum power point tracing system.  
Both the energy systems are used to charge a 
battery using bi-directional converter. Bidirectional 
converter and the battery form the common 
additional load to the wind and PV energy systems. 
Hybrid generation systems that use more than a 
single power source can greatly enhance the 
certainty of load demands all the time. Even higher 
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generating capacities can be achieved by hybrid 
system. In stand-alone system we can able to 
provide fluctuation free output to the load 
irrespective of weathers condition. To get the 
energy output of the PV system converted to 
storage energy, and constant power delivered by 
the wind turbine, an efficient energy storage 
mechanism is required, which can be realized by 
the battery bank. 
RELATED WORK 
Due to high demand of energy and limited 
availability of conventional energy, non-
conventional sources become more popular among 
researchers. A lot of research work is going on to 
enhance the power efficiency of non-conventional 
sources and make it more reliable and beneficial. 
Hybrid generation system uses more than one 
source, so that we can extract energy from different 
sources at the same time which enhances the 
efficiency. From [2],[3] the working of PV /Wind 
hybrid system is understood, different topologies 
that can be used for the hybridization of more than 
one system and also about advantages and 
disadvantages of hybrid system. From [1], [4] and 
[5] basic details of PV cell, PV module, PV array 
and their modeling are studied. Also, the behavior 
of PV modules at varying environmental conditions 
like solar irradiation and temperature are studied. 
Behavior of PV module during partial shading 
condition and also how it’s bad effects can be 
minimized is explained in [6]-[8]. Different MPPT 
techniques, their advantages and disadvantages and 
why MPPT control is required is explained in [9]-
[11].The wind energy system, its working and also 
techniques to extracts the maximum power from 
the wind energy system is understood from [13]-
[17]. From [18]-[20] study about different type of 
bi-directional converters, their working and how to 
use them in battery charging and discharging is 
carried out. 
Hybrid is a combination of two or more energy 
sources which generates efficient energy power 
because we are combining more than one energy 
source. Now a days Hybrid Energy System(HES) 
have more scope especially in rural and remote 
areas because these areas do not benefit from the 
grid supply and because of increased demand, 
global warming, depletion of non-renewable 
energy sources are compel to go for renewable 
energy sources. Many hybrid systems are there 
among them Solar and wind energies gives better 
results because these two energy sources are 
complimentary in nature. The drawback of solar 
and wind are intermittent in nature this make 
unreliable but combining the solar and wind energy 
reliability of the system can be enhanced. Often 
solar and wind energies are complimentary in 
nature when there is no sun there is plenty of wind 
vice/versa. In present scenario, renewable energy 
increasing .As government giving subsidiary for 
solar panels. We are using MPPT for solar to track 
maximum power point it is very much essential for 
solar array .From the review paper [22] Many 
MPPT’s are discussed. Autonomous wind will be 
available in rural areas and we can make use of it. 
DFIG based WT is used which is normally 
preferred for larger scale power generation 
[23].The converters that are used in this topology 
uses only 20-30% of the total capacity of the output 
power [24]. Other major advantages are we can 
independently control the both active and reactive 
power .Converter control employs d-q vector. 
PHOTOVOLTAIC ENERGY SYSTEM 
In 1839, a French physicist Edmund Becquerel 
proposed that few  materials  have  the ability to 
produce electricity when exposed to sunlight. But 
Albert Einstein explained the photoelectric effect 
and the nature of light in 1905. Photoelectric  effect  
state  that  when photons or sunlight strikes to  a 
metal surface flow of electrons will take place. 
Later photoelectric effect became the basic 
principle for the technology of photovoltaic power 
generation. The first PV module was manufactured 
by Bell laboratories in 1954. 
2.1 PHOTVOLTAIC ARRANGEMENT 
A photovoltaic energy system is mainly  powered 
by solar  energy.  The configuration of PV system 
is manifested in figure 2.1. 
 
Fig.2.1 Overall block diagram of PV energy system 
It contains PV modules or arrays, which convert 
solar energy in the form of  solar irradiation into 
electric energy. The  dc-dc  converter  changes  the  
level  of  the  voltage  to match it with the electrical 
appliances that are  supplied  by  this system.  This  
DC-DC converter may be either buck or boost or 
buck-boost  contingent  on  the  required  and 
available voltage levels. The maximum power 
point tracing system  coerces  the  maximum power 
from the PV  modules.  A  bi-directional  converter  
which  is  able  to   supply  the current in both the 
directions is used to  charge  the  battery  when  
there  is  a  power  surplus and the energy stored by 
the battery is discharged  into the load when there 
is  a  power deficit. 
2.1.1 PV CELL 
Photovoltaic cell is the building block  of  the  PV  
system  and  semiconductor  material such as 
silicon and germanium are the building block of 
PV cell. Silicon  is  used  for  photovoltaic cell due 
to its advantages over  germanium.  When  photons  
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hit  the  surface  of solar cell, the electrons and 
holes are generated by  breaking  the  covalent  
bond  inside  the atom of semiconductor material 
and in response  electric  field  is  generated  by  
creating positive and negative terminals. When 
these terminals are -connected  by  a  conductor  an 
electric current will start flowing. This electricity is 
used to power a load. 
 
Fig.2.2  Structure  of PV cell 
2.1.2 PV MODULE 
A single cell generate very low voltage (around 
0.4), so more than one PV cells can be connected 
either in serial or in parallel or as a grid (both serial 
and parallel) to form a PV module as shown in 
fig.2.2. When we  need  higher  voltage,  we  
connect  PV  cell  in  series and if load demand is 
high current then we connect PV cell in parallel. 
Usually there are 36 or 76 cells in general  PV  
modules.  Module  we  are  using  having  54  cells.  
The  front  side of the  module  is  transparent  
usually  buildup  of  low-iron  and  transparent  
glass material, and the PV cell is encapsulated.  
The  efficiency of a module  is  not as good  as PV 
cell, because the glass cover and frame reflects 
some amount of the incoming radiation. 
2.1.3 PV ARRAY 
A photovoltaic array is simply an interconnection 
of several PV modules in  serial and/or parallel. 
The power generated by  individual  modules  may  
not  be  sufficient  to  meet the requirement of 
trading applications, so the modules are secured  in  
a grid  form or as an array to gratify the load 
demand. In  an  array,  the  modules  are  connected  
like  as  that  of cells connected in a module. While 
making a PV array, generally the modules are 
initially connected in serial manner to obtain the 
desired voltage, and then strings so obtained are 
connected in parallel in order to produce more 
current based on the requirement. 
 







3.1 TYPES OF DC-DC CONVERTER 
DC-DC converter is an electrical circuit 
whosemain applicationis to transform a dc voltage 
from one level to another level. It is  similar  to  a  
transformer  in  AC  source,  it  can able to step the 
voltage level  up  or  down.  The variable dc 
voltage levelcan be regulated by controlling the 
duty ratio (on-off time of a switch) of the 
converter. 
There are various types of dc-dc converters  that  
can be  used  to  transform the  level of the voltage 
as per  the  supply  availability  and  load  
requirement. Someofthem are discussed below. 
 Buck converter  
 Boost converter 
 Buck-Boost converter 
Each of them is explained below. 
3.1.1 Buck converter: 
The functionality of a buck converter is to reduce 
the voltage level.  The circuit diagram of the buck 
converter is manifested in figure 3.1. 
 
Fig. 3.1 circuit diagram of buck converter 
When the switching element is  in  state  of 
conduction  the  voltage  appearing  across the load 
is Vin and the current is  supplied  from source  to  
load.  When the  switch is  off the load voltage is 
zero and the  direction  of  current  remains  the  
same.  As  the  power  flows from source side to 
load side, the load  side voltage  remains  less  than  
the  source  side  voltage. The output voltage is 
determined  as  a  function  of  source  voltage  
using  the  duty ratio of the gate pulse given to the 
switch. It is the product of the duty ratio  and  the  
input voltage 
3.1.2 Boost converter: 
The functionality of boost converter is to increase 
the voltage level. The circuit configuration of the 
boost converter is manifested in figure 3.2. 
 
Fig. 3.2 circuit diagram of boost converter 
The current carried by the  inductor  starts  rising  
and  it  stores  energy  during  ON  time of the 
switching element. The circuit is said to be  in  
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charging  state.  During  OFF condition, the reserve 
energy of the inductor starts dissipating into the 
load along  with  the supply. The output voltage 
level exceeds that of the input voltage and is 
dependent on the inductor time constant. The load  
side  voltage  is  the  ratio  of  source  side  voltage  
and  the duty ratio of the switching device. 
WIND POWER SYSTEM 
Some 5000 years ago, firstly wind power was used 
to navigate ships in the Nile. The Europeans used it 
to pump water and grind grains in  1700s  and  
1800s.The  first  windmill which generated 
electricity was installed in 1890 in U.S. A grid 
connected wind  turbine generator with a capacity 
of as 2 MW was commissioned in 1979  on  
Howard  Knob Mountain nearby Boon. A 3-MW 
turbine was commissioned in 1988 on  Berger  Hill  
in Orkney, Scotland [14]. The electric power 
developed from wind is  used  in  lighting  the 
buildings which are at remote places and not 
connected to the grid. Today wind power 
generators are available in small size suitable for 
standalone  system  and  larger  utility- generators 
that could be connected to the electricity grids.  In  
2003,  the  worldwide  wind power capacity was 
about 39,294 MW and India  wind power capacity 
was 1550 MW [15]. 
4.1 SYSTEM CONFIGURATION 
The schematic diagram of the wind energy system 
is manifested in figure below. 
 
Fig. 4.1 Overall Block diagram of wind energy 
systemThis system comprises of a wind turbine 
which transforms wind’s kinetic  energy  into 
rotating motion, a gear box to match the turbine  
speed  to  generator  speed,  a  generator which 
converts mechanical energy into electrical energy, 
a rectifier which converts ac voltage to dc,  a  
controllable  dc-dc  converter  to  trace  the  
maximum power point,  a battery is charged and 
discharged through bi-directional converter. 
4.2 WIND TURBINE 
Generally a wind turbine consists of a set of rotor 
blades rotating around a hub, a gearbox-generator 
set placed inside the nacelle. The basic components 
of a  wind  turbine  system are shown in figure 
below. 
 
Fig. 4.2 Major turbine components [21] 
BATTERY CHARGING 
5.1 INTRODUCTION 
Battery is a storage device which is stores  the  
excess  power  generated  and  uses  it  to supply 
the load in addition to the generators when power is  
required.  Both PV and  wind energy systems 
(described in the previous chapters) are integrated  
i.e.  connected  to  a  common DC bus of constant 
voltage  and  the  battery  bank  is  also  connected  
to  the  DC bus. Any power transfer whether from 
generator to battery  bank  or  generator  to  load  or 
from the battery bank to the load takes place via  
this  constant  voltage  DC  bus.  As  the  power 
flow associated with the battery is not uni-
directional, a bidirectional  converter  is  needed to 
charge and/or discharge the battery in case of 
excess and/or deficit of power respectively. 
5.2 BI-DIRECTIONALDC-DC CONVERTERS 
Bi-directional DC-DC converters are called so due  
to  their  ability  of  allowing  the  power flow in  
both  the  directions,  depending  on  the  
requirement.  There  are  many  applications  for 
the bidirectional converter such as Hybrid 
Vehicles,  Uninterruptable  Power  Supplies (UPS) 
and also  storage  systems  powered  by  Fuel  cells  
and  also  renewable  energy systems.Based on 
axes the wind turbines are  categorized into two 
kinds: the vertical axis wind turbine and the 
horizontal axis wind turbine [21]. 
VI. PROPOSED METHOD 
6.1 Block Diagram: 
Fig. 6.1 shows the block diagram of the proposed 
system. The output of solar panel is connected to 
boost converter to step up the dc voltage and fed to 
the three phase inverter and output of the inverter 
connected to the grid and output of the DFIG is 
directly connected to the grid. 
 
Fig 6.1 Proposed Block Diagram 
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6.2 Solar PV system description: 
In PV system sun light energy is converted into 
electricity based on the concept of photovoltaic 
effect .The photo current depends on irradiation 
and temperature. If irradiation is higher current 
released by the cell will be more. The equivalent 
circuit of a Photo Voltaic cell is shown in the Fig. 
6.2. An ideal solar cell is represented by a Current 
source and a diode parallel with it. However no 
solar cell is ideal there by series resistance Rs 
which has very small value and Rsh is the 
equivalent shunt resistance whose value is very 
high. The PV cell current equation (1) as follows. 
 
Where Ipv, cell is the current generated by the 
incident light, depend on the solar radiation and 
cell temperature. Io is the reverse saturation or 
leakage current of the diode, VT is the thermal 
voltage 
 
Fig.6.2 Simulink model of solar cell using single 
diode 
6.3  Evaluation of MPPT algorithm 
It is very important to operate PV energy 
conversion system to maximum power point to 
obtain maximum power output from PV system. In 
this paper , incremental conductance method. Is 
used to obtain Maximum power point when. 
dp / dv=0 where p= v*i 
d(v*i)/dv = i + v*di/dv = 0 = =di/dv = -i/v. 
The integral regulator minimizes the error (di/dv + 
i/v) 
Regulator output = duty cycle correction. 
Algorithm of incremental conductance is as follows 
Step1: sensing the voltage and current from solar 
panel and given to MPPT controller 
Step2: MPPT controller compares the present with 
past values of the voltage and current which gives 
the difference ΔV and ΔI 
ΔV = Vnew – Vold ; ΔI = Inew - Iold 
Step3: The maximum power point is tracked by 
considering Δ I/ Δ V slope 
step4: Adding the instantaneous conductance i/v to 
incremental conductance which gives the error 
signal e = i / v + di/dv 
Step5: This error given to PI controller to minimize 
the error or drive e to zero. 
Step6: The PI controller generates the duty ratio 
which is given to the comparator to generate PWM 
pulses, the generated PWM pulses given to the 
switching device of the boost converter. 
Step7: The above steps will be repeating till the 
maximum power reached. 
 
Fig. 6.3. MPPT Control Model In Simulink 





Fig 8.1 Proposed design (a) Solar part    (b) wind 
part 
 
Fig 8.2 Solar panel output and boost converter 
output  
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Design of MPPT: 
 
Design of PV Array: 
 
 
Fig 8.3 output of rotor speed and wind speed 
 
Fig 8.4 DC Volatge 
CONCLUSION 
Using MPPT with solar panel installations has all 
the way advantages. The initial investment is 
smaller because smaller panel wattage is required. 
In this paper, incremental conductance MPPT 
technique is developed the output of the MPPT is 
given to the comparator to generate PWM pulses 
which is required for Boost converter. To raise the 
solar panel voltage a boost converter circuit is 
designed, to convert DC-AC 3-level NPC inverter 
is used and vector control principle is used. One 
more energy source DFIG based wind turbine is 
used, now a days DFIG are extremely used in wind 
farms because it supplies power at constant voltage 
and frequency. To maintain constant voltage and 
frequency need a back to back converter and 
controller for back to back converter is 
implemented. Characteristics of DFIG are studied 
and also control technique of DFIG have been 
analysed in MATLAB-SIMULINK environment. 
The paper provides architecture with modelling and 
simulation of a hybrid energy sources. Solar and 
wind power are the two sources being used. 
Established system of solar PV and DFIG based 
wind is simulated in Matlab Simulink for step 
change condition. 
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